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ANT-CNG SYSTEMAND AIRCRAFT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a system suitable for pre 

venting icing on particular parts of an aircraft in flight. 
2. Description of the Related Art 
Icing occurs when an aircraft flies in an area where Super 

cooled water droplets exist. In particular, ificing occurs on 
leading edges of wings or air intakes of engines and adhered 
ice grows, a lift of the aircraft may be reduced. Then, the flight 
becomes unstable. 

Thus, aircraft include anti-icing devices, as one of safety 
devices, for preventing icing that occurs according to flight 
environments around the aircraft. 
As anti-icing devices, for example, Japanese Patent Laid 

Open No. 2011-183922 discloses a device for preventing the 
leading edges of wings from icing by using high-temperature 
bleed air discharged from engines. 

The anti-icing devices operate under an operation mode 
that a pilot selects according to a flight environment from 
among a manual mode, a stop mode, and an automatic mode. 

In order to secure safety of flight of an aircraft, it is desired 
to make an appropriate selection from among the above three 
operation modes. 

Thus, an object of the present invention is, on the basis of 
the above demand, to provide an anti-icing system that can 
Switch to an appropriate operation mode. 

SUMMARY OF THE INVENTION 

The anti-icing system of the present invention, which is 
devised to achieve the above object, is an anti-icing system 
that controls the operations of anti-icing devices provided in 
an aircraft, and that includes operation mode selecting means 
that selects an operation mode of the anti-icing devices, and 
control means that controls the operations of the anti-icing 
devices according to the operation mode selected by the 
operation mode selecting means, the operation mode includes 
at least a manual mode, an automatic mode, and a stop mode, 
and the control means controls the operations of the anti-icing 
devices by the automatic mode if the occurrence of a break 
down is detected in the operation mode selecting means when 
the manual mode or the stop mode is selected by the operation 
mode selecting means. 

According to the anti-icing system of the present invention, 
it is possible to reliably control the operations of the anti-icing 
devices on the basis of icing detection signals from icing 
detectors, even if a switch breaks down while the manual 
mode or the stop mode is selected as the operation mode of the 
anti-icing devices. It is, therefore, possible to further enhance 
the safety relating to the fuselage anti-icing function of the 
aircraft in an emergency. 

In addition, the anti-icing system of the present invention 
includes an altimeter for measuring flight altitude of an air 
craft, and control means can control the operations of anti 
icing devices by the automatic mode on the basis of flight 
altitude information obtained from the altimeter after the 
aircraft reaches a predetermined flight altitude. 

According to the anti-icing system of the present invention, 
it is possible to fly while allowing the anti-icing devices to 
operate in the operation mode for which a pilot's intention has 
priority, until the aircraft reaches the predetermined flight 
altitude. 
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2 
Furthermore, the anti-icing system of the present invention 

preferably has a displaying part for displaying the operation 
mode of anti-icing devices. 

In addition, the present invention also provides an aircraft 
equipped with the above anti-icing system. 

According to the present invention, it is possible to reliably 
control the anti-icing devices of an aircraft by selecting an 
appropriate operation mode taking a flight environment or a 
pilot's intention into consideration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing an aircraft including an anti 
icing system according to embodiments of the present inven 
tion; 

FIG. 2 is a block diagram showing a configuration of the 
anti-icing system; 

FIG. 3 is a flow chart showing a control procedure of the 
anti-icing system in a first embodiment; and 

FIG. 4 is a flow chart showing the control procedure of the 
anti-icing system in a second embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The embodiments according to the present invention will 
be described below in detail with reference to the drawings. 
The embodiments to be described below include two forms 

of procedure for controlling the operations of anti-icing 
devices 50 with which an aircraft 1 is equipped, however, the 
basic configuration as an anti-icing system 10 is common to 
the two forms. Thus, the configuration of the anti-icing sys 
tem 10 will be firstly described, and thereafter the two forms 
about the control procedures for the anti-icing devices 50 will 
be described in order. 
Configuration of Anti-Icing System 
An anti-icing system 10 of an aircraft 1 shown in FIG. 1 and 

FIG. 2 controls the operations of the anti-icing devices 50 
under instructions from a pilot. 
The anti-icing system 10 prevents anti-icing objects from 

icing, for example, the leading edges or the air intakes of 
engines 4 (4R and 4L) of main wings 3 (3R and 3L) of the 
aircraft 1 shown in FIG. 1. 
The anti-icing system 10 includes, as shown in FIG. 2, a 

switch 20, icing detectors 30, a controller 40, the anti-icing 
devices 50, an altimeter 70, and a display 80. 
The controller 40 controls the operations of the anti-icing 

devices 50 according to an operation mode that is selected by 
the switch 20. For example, the controller 40 controls the 
operations of the anti-icing devices 50 by referring to signals 
that are obtained from the icing detectors 30. Alternatively, 
the controller 40 controls the operations of the anti-icing 
devices 50 by referring to signals that are obtained from the 
altimeter 70 provided in the aircraft 1. 
The switch 20 is configured to be able to select any one of 

three operation modes including a manual mode (hereafter, 
may be also referred to as ON mode), an automatic mode 
(hereafter, may be also referred to as AUTO mode), and a stop 
mode (hereafter, may be also referred to as OFF mode). 
The ON mode is a mode that operates the anti-icing devices 

50 continuously while the mode is selected by way of the 
switch 20 under the control by the pilot. The AUTO mode is 
a mode that operates or stops the anti-icing devices 50 on the 
basis of detection results from the icing detectors 30. The OFF 
mode is a mode that stops the operations of the anti-icing 
devices 50 when the mode is selected. That is, when the 
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selection is switched to the OFF mode while the ON mode or 
the AUTO mode is selected, the operations of the anti-icing 
devices 50 are stopped. 
The pilot selects an operation mode of the anti-icing 

devices 50, which the pilot desires, from among the three 
modes by handling the Switch 20. A signal corresponding to 
the operation mode selected by the switch 20 (hereafter, may 
be also referred to as a mode signal) is transmitted to the 
controller 40. As the switch 20, for example, a dial switch is 
used in which the ON mode, AUTO mode, and OFF mode can 
be selected in accordance with a rotation position. 

The icing detectors 30 are devices for detecting the occur 
rence of icing on themselves. The icing detectors 30 transmit 
signals identifying the presence/absence of icing on them 
selves (hereafter, may be also referred to as an icing detection 
signal) to the controller 40. These signals are used for deter 
mining whether to operate the anti-icing devices 50 in the 
AUTO mode. 

The icing detectors 30 are provided on right and left sides 
of a fuselage 2 of the aircraft 1, one by one and independently 
detect icing. Thus, detection results are also independently 
transmitted to the controller 40. 

Various detectors can be applied to the icing detectors 30. 
For example, an icing detector that operates on the basis of 
fluctuations of a natural frequency thereof due to the pres 
ence/absence of icing, an icing detector that operates on the 
basis of fluctuations of a capacitance between electrodes 
thereofdue to the presence/absence oficing, and other known 
detectors can be used therefor. 
The controller 40 transmits an instruction to the anti-icing 

devices 50 on the basis of the mode signal corresponding to 
the operation mode selected by the switch 20, as will be 
described below. 
Upon obtaining a signal corresponding to the ON mode 

(hereafter, may be also referred to as an ON mode signal), the 
controller 40 transmits a signal to instruct the anti-icing 
devices 50 to operate (hereafter, may be also referred to as an 
ON instruction signal) irrespective of icing detection signals 
from the icing detectors 30. 

In addition, upon obtaining a signal corresponding to the 
AUTO mode (hereafter, may be also referred to as an AUTO 
modesignal), the controller 40 determines whether to operate 
the anti-icing devices 50, on the basis of the icing detection 
signals from the icing detectors 30. That is, upon obtaining 
the icing detection signals indicating that icing occurs, the 
controller 40 transmits the ON instruction signal to instruct 
the anti-icing devices 50 to operate. In contrast, upon obtain 
ing the icing detection signal indicating that icing does not 
occur, the controller 40 transmits a signal to instruct the 
anti-icing devices 50 to stop the operations (hereafter, may be 
also referred to as an OFF instruction signal). That is, when 
the anti-icing devices 50 operate, the operation is stopped. 
Alternatively, when the anti-icing devices 50 are at a stand 
still, the standstill is continued as it is. 

In addition, upon obtaining a signal corresponding to the 
OFF mode (hereafter, may be referred to as an OFF mode 
signal), the controller 40 transmits the OFF instruction signal 
to instruct the anti-icing devices 50 to stop the operations 
irrespective oficing detection signals from icing detectors 30. 

In addition, the controller 40 obtains information on the 
flight altitude of the aircraft 1 from the altimeter 70. The flight 
altitude information is provided to a pilot by being displayed 
on the display 80 connected to the controller 40 and used for 
controlling the operations of the anti-icing devices 50 in a 
second embodiment. The controller 40 causes the display 80 
to display the operation mode selected by a pilot, that is, the 
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ON mode, the AUTO mode, or the OFF mode. The display80 
is provided in a cockpit 90 of the aircraft 1. 
The anti-icing devices 50 are devices for preventing anti 

icing objects from icing, and are provided in the main wings 
3 and the engines 4. The anti-icing devices 50 operate accord 
ing to an instruction signal corresponding to each operation 
mode transmitted from the controller 40, that is, the ON 
instruction signal or the OFF instruction signal. 
The anti-icing devices 50 have any configurations as long 

as they can achieve the purposes thereof, and for example, a 
device for preventing anti-icing objects from icing by making 
use of bleed air of the engines can be applied. 
Operation of Anti-Icing System 10 
The operation of the anti-icing system 10 having the above 

configuration will be described. 
A pilot handles the switch 20 to select the ON mode when 

determining that the operations of the anti-icing devices 50 
are needed on the basis of information about the humidity, 
temperature, and the like outside the aircraft. Then, the con 
troller 40 that obtains the ON mode signal transmits the ON 
instruction signal to the anti-icing devices 50. 
When determining that there is no need to operate the 

anti-icing devices 50, the pilot handles the switch 20 to select 
the OFF mode. Then, the controller 40 that obtains the OFF 
mode signal transmits the OFF instruction signal to the anti 
icing devices 50. 

Alternatively, when the pilot intends to allow the anti-icing 
system 10 to determine whether or not to operate the anti 
icing devices 50, the pilot handles the switch 20 to select the 
AUTO mode. Then, the controller 40 that obtains the AUTO 
mode signal refers to icing detection signals from the icing 
detectors 30 and transmits the ON instruction signal or the 
OFF instruction signal to the anti-icing devices 50. 

Note that the operation mode selected by the pilot is dis 
played on the display 80. 

First Embodiment 

First, a first embodiment relating to a control procedure of 
anti-icing devices 50 will be described with reference to FIG. 
3. The first embodiment can cause the anti-icing devices 50 to 
properly operate taking a case into consideration where, for 
example, the signal system of a Switch 20 breaks after a pilot 
once sets the operation mode of the anti-icing devices 50 prior 
to takeoff. 

Note that a breakdown in the switch 20 means that a mode 
signal corresponding to the operation mode selected by the 
pilot using the Switch 20 is not properly transmitted to a 
controller 40. Here, the presence/absence of the breakdown in 
the switch 20 is determined, for example, by the controller 40 
comparing information on the contact of the Switch 20 
obtained through a data bus 100 (FIG. 2) with normal infor 
mation on the contact held by the controller 40. 

Therefore, for example, if the switch 20 breaks when the 
OFF mode is selected, correct information on the contact is 
not transmitted to the controller 40 through the data bus 100, 
and it is thus not possible to cause the anti-icing devices 50 to 
operate since the mode signal is not properly transmitted 
although the pilot determines and intends to switch to the ON 
mode. 
As shown in FIG. 3, the pilot selects an operation mode 

from any one of the ON mode, the OFF mode, and the AUTO 
mode, by way of the switch 20 (S201). In addition, the con 
troller 40 determines whether or not a breakdown has 
occurred in the switch 20 (S203, S207, and S211). 
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ON Model 
First, a control procedure when a pilot selects the ON mode 

will be described. 
When a pilot selects the ON mode, the controller 40 per 

forms a control such that the anti-icing devices 50 operate in 
the ON mode unless a breakdown is detected in the switch 20, 
the signal system thereof, or the like (S203 N). That is, the 
controller 40 transmits the ON instruction signal to instruct 
the anti-icing devices 50 to operate, on the basis of the ON 
modesignal obtained from the switch 20. Then, the controller 
40 maintains the ON mode while checking the presence? 
absence of a breakdown unless the pilot switches the opera 
tion mode by handling the switch (S205N). In addition, when 
the pilot handles the switch 20 to switch the operation mode 
(S205Y), the controller 40 performs a control procedure in 
the selected operation mode (OFF mode or AUTO mode) (to 
be described hereafter). 

In contrast, if detecting a breakdown in the switch (S203 
Y), the controller 40 switches the operation mode of the 
anti-icing devices 50 from the ON mode to the AUTO mode, 
and performs a control procedure in the AUTO mode. In this 
case, on a display 80, the operation mode (AUTO mode) to 
which the controller 40 switches is displayed rather than the 
operation mode (ON mode) selected by the pilot. 
AUTO Model 
Next, a control procedure when the AUTO mode is selected 

will be described. 
When a pilot selects the AUTO mode, the controller 40 

performs a control such that the anti-icing devices 50 operate 
in the AUTO mode unless a breakdown is detected in the 
switch 20, the signal system thereof, or the like (S207 N). 
That is, the controller 40 transmits the ON instruction signal 
or OFF instruction signal to the anti-icing devices 50 to con 
trol the operations thereof, referring to icing detection signals 
obtained from icing detectors 30. Then, the controller 40 
maintains the AUTO mode while checking the presence/ab 
sence of a breakdown unless the pilot switches the operation 
mode by handling the switch (S209 N). In addition, when the 
pilot handles the switch 20 to switch the operation mode 
(S209 Y), the controller 40 performs a control procedure in 
the selected operation mode (ON mode or OFF mode). 

In addition, if detecting a breakdown in the switch 20, the 
controller 40 controls the operations of the anti-icing devices 
50 in the AUTO mode (S207Y). 
OFF Model 
Next, a control procedure when the OFF mode is selected 

will be described. 
When the pilot selects the OFF mode, the controller 40 

performs a control such that the anti-icing devices 50 operate 
in the OFF mode unless a breakdown is detected in the Switch 
20, the signal system thereof, or the like (S211N). That is, the 
controller 40 transmits the OFF instruction signal to instruct 
the anti-icing devices 50 to stop the operations, on the basis of 
the OFF mode signal obtained from the switch 20. 

Then, the controller 40 maintains the OFF mode while 
checking the presence/absence of a breakdown unless the 
pilot switches the operation mode by handling the switch 
(S213N). In addition, when the pilot handles the switch 20 to 
switch the operation mode (S213 Y), the controller 40 per 
forms a control procedure in the selected operation mode (ON 
mode or AUTO mode). 

In contrast, if detecting a breakdown in the switch (S211 
Y), the controller 40 switches the operation mode of the 
anti-icing devices 50 from the OFF mode to the AUTO mode, 
and performs a control procedure in the AUTO mode. In this 
case, on the display 80, the operation mode (AUTO mode) to 
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6 
which the controller 40 switches is displayed rather than the 
operation mode (OFF mode) selected by the pilot. 
The above-described anti-icing system 10 of the first 

embodiment has a feature in that the operation mode is 
switched to the AUTO mode if a breakdown is detected in the 
switch 20 while in particular the ON mode or OFF mode is 
selected as the operation mode of the anti-icing devices 50. 
With this feature, it is possible to reliably control the opera 
tions of the anti-icing devices 50 on the basis of the icing 
detection signals from the icing detectors 30, the reliability of 
which is relatively increased in response to the breakdown in 
the switch 20, and it is thus possible to further enhance the 
safety relating to the fuselage anti-icing function of the air 
craft in emergency. 

Note that, there is an alternative that the anti-icing devices 
50 continue to operate in the ON mode as it is if having been 
operating in the ON mode. However, in the case of this alter 
native, the anti-icing devices 50 may be caused to function 
even when not needed. For example, if anti-icing is to be 
performed by using high-temperature bleed air from engines, 
there are increased occasions in which anti-icing objects are 
exposed to high temperature, and this is not preferable from a 
viewpoint of thermal fatigue of the anti-icing objects. Hence, 
in the present embodiment, the operation mode is Switched to 
the AUTO mode even when the anti-icing devices 50 operate 
in the ON mode. 

Second Embodiment 

Next, a second embodiment relating to a control procedure 
of anti-icing devices 50 will be described with reference to 
FIG. 4. 

In the second embodiment, when the ON mode or the OFF 
mode is selected as the operation mode of the anti-icing 
devices 50, the ON mode or the OFF mode is maintained 
without being switched to the AUTO mode even when a 
breakdown occurs in a switch 20, until a predetermined flight 
condition is satisfied. Apart from this regard, the second 
embodiment includes a control procedure similar to that of 
the first embodiment, and thus the following description will 
be made focusing on the difference from the first embodi 
ment. A case where a pilot selects the ON mode or OFF mode 
prior to the takeoff of an aircraft 1, will be described below. 
ON Model 
In the case where the pilot selects the ON mode prior to a 

takeoff, the operation mode of the anti-icing devices 50 is not 
immediately switched from the ON mode to the AUTO mode 
even if a controller 40 detects a breakdown in the Switch 20 
(S303Y). On the basis of flight altitude information obtained 
from an altimeter 70, the controller 40 determines whether or 
not the aircraft 1 satisfies a predetermined altitude condition 
(S305). 
When the flight altitude of the aircraft 1 does not satisfy the 

predetermined altitude condition, the operation mode of the 
anti-icing devices 50 is maintained at the ON mode selected 
by the pilot prior to the takeoff, and the ON mode is displayed 
on a display 80 (S305 N). However, when the flight altitude 
satisfies the predetermined altitude condition, the controller 
40 switches the operation mode of the anti-icing devices 50 
from the ON mode to the AUTO mode, and the AUTO mode 
is displayed on the display 80 (S305Y). 

Here, the reason for specifying the flight altitude as the 
condition for Switching the operation mode is that, within a 
range where the flight altitude is low, an environment where 
icing occurs to the aircraft 1 is considered to be equivalent to 
an environment prior to takeoff. Note that it is desirable to set, 
for example, an altitude range from 0 to 400 feet as a prede 
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termined altitude condition. The reason for this is that there is 
a small difference between an icing condition within this 
altitude range and that at the ground (prior to takeoff), and that 
the pilot is under relatively heavy loads of controlling within 
this altitude range. 

Note that, although the controller 40 determines the con 
dition of the flight altitude after detecting a breakdown, this 
order is not meant to limit the present invention. 
OFF Model 
In addition, also in the case where the pilot selects the OFF 

mode prior to takeoff, the controller 40 operates as with the 
ON mode. 

That is, even if the controller 40 detects a breakdown in the 
switch 20 (S313 Y), the operation mode of the anti-icing 
devices 50 is not immediately switched from the OFF mode to 
the AUTO mode. On the basis of the flight altitude informa 
tion obtained from the altimeter 70, the controller 40 deter 
mines whether or not the aircraft 1 satisfies a predetermined 
altitude condition (S315). 

Then, when the flight altitude of the aircraft 1 does not 
satisfy the predetermined altitude condition, the operation 
mode of the anti-icing devices 50 is maintained to the OFF 
mode selected by the pilot prior to takeoff, and the OFF mode 
is displayed on the display 80 (S315 N). However, when the 
flight altitude satisfies the predetermined altitude condition, 
the controller 40 switches the operation mode of the anti 
icing devices 50 from the OFF mode to the AUTO mode, and 
the AUTO mode is displayed on the display 80 (S315Y). 

The above switching operation in the ON mode and OFF 
mode can be performed using a latch circuit. 

Note that, when the AUTO mode is selected prior to take 
off, the controller 40 controls the operations of the anti-icing 
devices 50 as with the first embodiment. 

According to the second embodiment, even if a breakdown 
is detected in the switch 20 after the pilot sets the operation 
mode at the ON mode or OFF mode prior to takeoff, the 
operation mode of the anti-icing devices 50 is maintained at 
the ON mode or OFF mode selected prior to takeoff without 
being switched to the AUTO mode until the flight altitude 
reaches a certain altitude after the takeoff. That is, the second 
embodiment can further enhance safety relating to anti-icing 
because the intention that the pilot had prior to takeoff can be 
maintained until the flight altitude reaches the certain altitude. 
In addition, it is possible to secure the stability of fuselage 
control even at a take-off altitude at which a flight environ 
ment is unstable as compared with in cruising. 

Furthermore, since an operation mode same as that set by 
the pilot prior to takeoff is displayed on the display 80 until 
the flight altitude reaches the certain altitude, the pilot can 
perform the control with security without feeling a sense of 
incongruity. 

There are described above the embodiments of the present 
invention, and the configuration described in the above-de 
scribed embodiments may be chosen or changed to other 
configurations as appropriate without departing from the gist 
of the present invention. 

For example, with respect to the predetermined flight con 
dition in the second embodiment, a flight time after takeoff 
may be employed as the predetermined flight condition 
instead of the flight altitude. Alternatively, a flight speed may 
be employed as the predetermined flight condition. 

In addition, the second embodiment describes the example 
in which the ON mode or OFF mode is selected prior to 
takeoff, and can be applied to any timing during the flight of 
the aircraft 1. 
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What is claimed is: 

1. An anti-icing system that controls an operation of an 
anti-icing device provided in an aircraft, the anti-icing system 
comprising: 

operation mode selecting means that selects an operation 
mode of the anti-icing device; and 

control means that controls the operation of the anti-icing 
device according to the operation mode selected by the 
operation mode selecting means, wherein: 

the operation mode includes at least a manual mode, an 
automatic mode, and a stop mode; 

when the control means detects that a breakdown occurs in 
the operation mode selecting means when the manual 
mode is selected by the operation mode selecting means, 
the control means controls the operation of the anti-icing 
device in the automatic mode; and 

when the control means detects that a breakdown occurs in 
the operation mode selecting means when the stop mode 
is selected by the operation mode selecting means, the 
control means controls the operation of the anti-icing 
device in the automatic mode. 

2. The anti-icing system according to claim 1, further com 
prising: 

an altimeter that measures a flight altitude of the aircraft, 
wherein 

on the basis of flight altitude information obtained from the 
altimeter, the control means controls the operation of the 
anti-icing device in the automatic mode when the air 
craft reaches a predetermined flight altitude. 

3. The anti-icing system according to claim 2, further com 
prising a displaying part that displays the operation mode of 
the anti-icing device. 

4. The anti-icing system according to claim 1, further com 
prising a displaying part that displays the operation mode of 
the anti-icing device. 

5. The anti-icing system according to claim 1, further com 
prising an icing detector that detects icing on the aircraft, 
wherein the control means instructs the anti-icing device to 
stop operations in the stop mode irrespective of an icing 
detection signal from the icing detector. 

6. An aircraft comprising an anti-icing system that controls 
an operation of an anti-icing device provided in an aircraft, 
the anti-icing system comprising: 

operation mode selecting means that selects an operation 
mode of the anti-icing device; and 

control means that controls the operation of the anti-icing 
device according to the operation mode selected by the 
operation mode selecting means, wherein: 

the operation mode includes at least a manual mode, an 
automatic mode, and a stop mode; 

if the control means detects that a breakdown occurs in the 
operation mode selecting means when the manual mode 
is selected by the operation mode selecting means, the 
control means controls the operation of the anti-icing 
device in the automatic mode; and 

if the control means detects that a breakdown occurs in the 
operation mode selecting means when the stop mode is 
Selected by the operation mode selecting means, the 
control means controls the operation of the anti-icing 
device in the automatic mode. 

k k k k k 
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